Abstract: Rodríguez-Rojo, M.P., Sardinero, S. & Fernández-González, F. Patterns of community and species diversity in grassland vegetation of the southwestern Iberian System (Spain). Lazaroa 34: 219-236 (2013). This paper reports a floristic and phytocenologic review of the mesic and dry grasslands of the southwestern Iberian Mountain System (Spain) based on numerical and indicator species analysis. The crispness of classification was checked resulting in four main groups that classify grasslands in mesic (Molinio-Arrhenatheretea and Nardetea), semi-dry calcareous (Festuco-Brometea), dry calcareous (Sideritido fontquerianae-Arenarion microphyllae), and dry siliceous grasslands (Hieracio castellani-Plantaginion radicatae). DCA and CCA were performed on topographic parameters as explanatory variables of the community diversity and differences in variability between communities were also tested with ANOVA. Rock cover and slope best explained the differences in the floristic composition between the main vegetation groups, and for the discrimination of the dry cryoturbated grasslands (Sideritido-Arenarion) from other types of grasslands, while altitude best discriminated some associations belonging to the same main vegetation group, such as the semi-dry grasslands (Cirsio microcephalae-Onobrychidetum hispanicae and Festuco andresmolinae-Brachypodietum phoenicoidis) and dry grasslands of upfrozen soils (Festucetum hystricis and Paronychio capitatae-Artemisietum assoanae). The exploration of the diagnostic species in combination with the topographic patterns of the community diversity brought out the phytosociological interpretation of transitional communities, like the case of Festucetum hystricis variant semi-dry with Plantago maritima subsp. serpentina. Se ha realizado una revisión florística y fitocenológica de los pastizales mesófilos y xerófilos del Sistema Ibérico suroccidental, basada en análisis numéricos y de especies diagnósticas. La mayor nitidez de la clasificación se obtiene con cuatro grandes grupos que clasifican los pastizales en mésicos (Molinio-Arrhenatheretea y Nardetea), calcícolas semi-xerofíticos (Festuco-Brometea), calcícolas xerofíticos (Sideritido fontquerianae-Arenarion microphyllae) y silicícolas xerofíticos (Hieracio castellani-Plantaginion radicatae). Las variables topográficas se incluyeron en las ordenaciones (DCA y CCA) como posibles variables explicativas de la composición florística, y las diferencias topográficas entre grupos se analizaron mediante ANOVA. La cobertura de rocas y la pendiente han resultado ser las variables que mejor explican las diferencias en la composición florística entre los cuatro grandes grupos y para la discriminación de los pastizales xerofíticos crioturbados (Sideritido-Arenarion), mientras que la altitud se interpretó como un factor discriminante entre algunas asociaciones, como los prados meso-xerofíticos (Cirsio microcephalae-Onobrychidetum hispanicae y Festuco andresmolinaeBrachypodietum phoenicoidis) y los pastizales secos crioturbados (Festucetum hystricis y Paronychio capitatae-Artemisietum assoanae). El análisis de especies diagnósticas en combinación con los patrones topográficos de diversidad fitocenótica sirvieron para la interpretación fitosociológica de comunidades transicionales, como es el caso de la variante de ambiente semiseco de Festucetum hystricis con Plantago maritima subsp. serpentina.
INTRODUCTION
Plant diversity patterns in grasslands have been for a long time a question of attention for management and conservation purposes. Several studies have dealt with the soil pH, altitude, topography (aspect and slope), and grazing intensity, as the main local abiotic factors influencing the variation of the plant species composition and species richness (CRICHTLEy & al., 2002; AMEzAGA & al., 2004; BENNIE & al., 2006; KLIMEK & al., 2007; MARINI & al., 2007; JIMéNEz-ALFARO & al., 2013) . Topography has a strong effect on local hydrology and additionally affects patterns in local temperature and irradiation, as well as, local exposure to wind (MOESLUND & al., 2013) ; thus, it is considered an indirect factor for shaping local grassland vegetation patterns. Mechanisms controlling plant species richness in grasslands in Europe have been explained by the positive effect of slope angle (MAURER & al., 2006; KLIMEK & al., 2007; MARINI & al., 2007) , and the negative effect of soil acidification and altitude (PIqUERAy & al., 2007; KOPéC & al., 2010) . Over the worldwide, the soil pH pattern may be different across floristic regions because the direction of the relationship between richness and pH depends on whether the species pool has its evolutionary origin on soils of high or low pH (PäRTEL, 2002) . In Europe, it may be also considered that the higher contemporary calciphile to acidiphile richness ratio corresponds to a disproportionate decline of acidic habitats and their flora during the ice age times (EwALD, 2003) , which would also explain that the majority of the central European flora is restricted to base rich, calcareous soils.
The diversity of grasslands in the southwestern Iberian Mountain System s.l. has been reported in some traditional phytosociological studies (LóPEz GONzáLEz, 1978; BARRERA, 1985; RODRí-GUEz-ROJO & al., 2010 , 2011 , 2012 . They pointed out important levels of community diversity and originality in this territory, as a consequence of a varied lithology, including calcareous and siliceous substrates (limestone, dolomites, slates, quartzites, red sandstones, albian sands, etc), combined with a complex relief that also appear in near mountains (RIVAS GODAy & BORJA, 1961; GAVILáN & al., 2012) . Some mesic and dry grasslands are included in the Catalogue of Habitats of Special Protection in Castilla-La Mancha (Nature Conservation Law 9/1999) or in the Annex I of Habitats Directive (92/43/EC): semi-dry calcareous grasslands (Festuco-Brometea) , Nardus stricta swards (species-rich Nardus grasslands), cryoturbated calcareous grasslands (alpine and subalpine calcareous grasslands). The cryoturbated calcareous grasslands colonize the ridges and slopes of the highlands, mesic grasslands fill the valley bottoms and basins, while semi-dry grasslands occupy a transitional range among both extremes but their topographic affinity has not been properly defined (RODRíGUEz-ROJO & al., 2010) .
Because of the varied lithology combined with the complexity of relief given in this territory, and under the current moderate grazing intensity and no mowing practices, we hypothesize that the main floristic gradients in the mesic and dry grasslands should be related to lithological and topographic factors, and that these can serve as good predictors of species composition. According to this, our study develops an application of numerical and indicator species analyses on dry and mesic grasslands in the southwestern Iberian System in order to give responses to the following issues: (1) to determine the main vegetation types of these grasslands, (2) to compare the resulting classification with that used traditionally by previous authors, (3) to determine the diagnostic species of each vegetation type, and (4) to assess how far topographical (slope, aspect, rock cover and altitude) and lithological factors may discriminate the community diversity and the patterns of species richness in these grasslands.
MATERIAL AND METHODS

STUDy AREA
The main rangelands prospected were Sierra de Albarracín, Sierra de Valdemeca and Serranía de Cuenca, which according to the geomorphological sectorization of GUTIéRREz & PEñA (1994) belong to the central sector and southwestern area of the Iberian System (Cordillera Ibérica) (Figure 1 ). The highest altitude is registered in Caimodorro peak (1920 m asl). According to the bioclimatic typology of RIVAS-MARTíNEz (2007) , the territory is in the transition between the macrobioclimates Mediterranean, in the lowlands, and Temperate (submediterranean variant) in the uplands (Figure 2 ). The bioclimatic belts of the study area correspond to the upper supramediterranean, upper suprasubmediterranean and lower orosubmediterranean, with ombrotypes ranging from upper subhumid to upper humid. Biogeographically, the territory is framed into the Maestracensean and CeltiberianAlcarrean sectors, Mediterranean Central Iberian province (RIVAS-MARTíNEz, 2007) .
DATA SAMPLING
Field sampling was carried out from 2009 to 2012 during summer (mid-June to late-July). we used orthoimages, forestry maps, topographic maps and geologic maps to locate a network of grassland areas of a certain extension that were also representative of the whole territory in terms of the geological and altitudinal variation. The distribution of the sampled sites in the selected areas was designed to cover the lithological, topographical and altitudinal variation in every one of them. Most of the areas were located in the Serranía de Cuenca and Alto Tajo (Cuenca and Guadalajara provinces), while Sierra de Albarracín (Teruel) was prospected in order to complete the representation of siliceous grasslands (Figure 1) . Plot size was fixed as a rule in 10x10 m2. Plant cover indices were visually estimated in percentage values (0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100%) . Altitude, slope, exposure, rock cover and bare soil cover percentages were recorded in each plot, as well as, other supplementary data (total plant cover, livestock type, grazing system, etc.). Taxonomic nomenclature follows the proposals of Flora iberica (CASTROVIEJO & al., 1986 (CASTROVIEJO & al., -2012 except for Compositae and Poaceae taxa that follow the Euro+Med PlantBase (Euro+Med, 2006 -2013 ww2.bgbm.org/EuroPlusMed/ [accessed 4-4-2013 ).
NUMERICAL ANALySES
Several types of agglomerative and divisive classification were applied to the final dataset of 160 relevés and 408 species, including the beta-flexible linkage method (beta= -0.25) with Sorensen distance, ward´s method with relative Euclidean, and TwINSPAN modified according to ROLEčEK & al. (2009) with three pseudo-species cut-off levels (0%, 5% and 25%) and total inertia as a heterogeneity measure. Percentage cover values were logtransformed in order to reduce the importance of dominant species (VAN DER MAAREL, 1979) , excepting for the application of TwINSPAN algorithm that uses pseudo-species cut-off levels. After examining several partitions of the data set, we selected the partition with beta-flexible clustering that produced the less-chained dendrogram and more homogeneous clusters with respect to the ordination (DCA) of the same dataset. The number of clusters accepted corresponds to the alliances traditionally recognized in the literature. Nevertheless, the crispness of classification was checked using the method suggested by BOTTA- DUKáT & al. (2005) that revealed that crispness is higher at the level of four clusters and decreases gradually when the number of clusters increased. Centroids of each cluster were calculated using the Euclidean distance and 5 relevés were reassigned according to their relationship to the nearest cluster centroid. The cluster membership of these 5 relevés was also checked in the DCA scatter plot.
For the calculation of diagnostic species values, the size of the clusters was standardized to equal size of 15% of the data set (TICHý & CHyTRý, 2006) . we only show the diagnostic species with values of the Φ-coefficient of association ≥ 0.25 for at least one cluster and with a statistically significant affinity at the probability level <0.001 according to Fisher´s exact test.
Using canonical correspondence analysis (CCA), the relationships between altitude, south exposure, west exposure, slope, rock cover and altitude with species composition of the vegetation data were tested. Previously, all these environmental variables were passively projected onto the DCA diagram. The power of each explanatory variable was also tested with a Monte Carlo permutation test (reduced model, 999 permutations) and a forward manual selection procedure was used to select the most important variables. Differences in altitude among particular vegetation types were tested with the Tukey post-hoc test following oneway ANOVA, while differences in slope and rock cover were tested with Kruskal-wallis ANOVA by Ranks applied for variables with a non-gaussian distribution. An attribute plot showing changes in species richness along the first two DCA axes was constructed applying a Generalized Additive Model (GAM), using Poisson distribution and testing for nonlinearity.
Numerical analyses were performed with JUICE 7.0 software (TICHý, 2002) combined with PC-ORD v.5 (MCCUNE & MEFFORD, 1999) for Cluster Analysis, and CANOCO 4.5 package (TER BRAAK & ŠMILAUER, 2002) for DCA and CCA.
RESULTS
VEGETATION CLASSIFICATION AND PATTERNS
Ten clusters were considered in the dendrogram that best fit with the classification of the re-levés at the association level ( Figure 3 ). However, maximum crispness occurred at the cutting level of the following four groups: A) mesic grasslands (clusters 1-4), B) semi-dry calcareous grasslands (clusters 5-7), C) dry calcareous grasslands (clusters 8-9), and D) dry siliceous grasslands (cluster 10). Frequencies of the diagnostic species in the ten clusters are summarized in Table 1 .
The DCA diagram of Figure 4 shows the floristic relationships between these clusters. As gradient length of the first DCA axis was 6.24 standard deviation units, the use of an unimodal ordination is quite appropriate. The first DCA axis was positively correlated with slope and rock cover, and negatively with plant cover. Dry calcareous grasslands were positioned in the positive part of this axis, while mesic grasslands were in the negative part. The second DCA axis showed a positive correlation with altitude and dry siliceous grasslands were positioned in its positive part. South and west components of aspect had a very low correlation with first and second DCA axes. According to the Monte Carlo permutation test, only rock cover, altitude and slope were significant in CCA as explanatory variables of the variation of species composition, corresponding to the former the stronger relationship. Table 1 ). Environmental variables are: altitude, slope, south component of exposure (S), west component of exposure (w), rock cover, plant cover, total cover of Iberian endemics (IbE_Cov), and species richness of Iberian endemics (IbE_R). Species plot (B) only includes the species with higher weights (>15) along the gradients. Next, a brief description of the vegetation types inferred from the classification, their diagnostic species and the related syntaxa is given (see also the syntaxonomical scheme included after the section of Discussion).
B A
Group A is very heterogeneous and comprises wet meadows and mesic grasslands growing on well-developed soils, usually, at the bottom of valleys and with a 100% plant cover. 2009 ), and it denotes the typical substrates associated to these grasslands. The slope arrow in the DCA diagram points towards this cluster, and the ANOVA test showed significant differences in slope with respect to cluster 6 (semi-dry grasslands) but not to cluster 8 (dry grasslands) ( Figure 5 ).
Group C contains the most typical Oroiberian short and sparse grasslands proper to upfrozen soils and framed into the Sideritido fontquerianae-Arenarion microphyllae. Cluster 8 corresponds to the Festucetum hystricis, characterized by Thymus bracteatus, Anthyllis vulneraria subsp. vulnerarioides, Poa ligulata, Carduus assoi, Dianthus pungens subsp. brachyanthus, Armeria alliacea subsp. matritensis, etc. Cluster 9 corresponds to the Paronychio capitatae-Artemisietum lanatae, mainly characterized by Artemisia pedemontana. The arrow corresponding to rock cover points towards these two clusters in the DCA diagram (Figure 4) . According to the ANOVA test, rock cover is significantly higher in
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Figure 5. -Box-and-whisker plot of altitude, slope and rock cover in the ten clusters obtained in the beta-flexible classification (cluster numbers are the same as in Table  1 and text) . Post hoc comparisons were tested with ANOVA (Tukey for altitude and Kruskal-wallis by ranks for rock cover and slope; p values considered for significance are <0.05).
these two clusters, excepting for cluster 5 (transitional to semi-dry grasslands) ( Figure 5 ). The xerophytic character of this group is reflected by the high number of annuals among its diagnostic species (Xeranthemum inapertum, Androsace maxima, Alyssum simplex, Bombycilaena erecta, etc). Richness in Iberian endemics is also correlated with rock cover (Figure 4) ROJO & al., 2012) .
SPECIES RICHNESS
Trends in species richness along the major floristic gradients are not linear. The GAM model shows skewed unimodal trends along the two DCA axes, the decrease in species richness being more evident along the first axis (Fig. 6) . Species density ranges from a minimum value of 15 species per 100 m 2 , that corresponds to the clusters 5 and 9, and a maximum of 51, that corresponds also to the cluster 9. The average of the species density ranges from 25 to 35 species, and the values around 30 (28-32) are the most frequent. The higher values appear around the center of the DCA diagram and are not associated to any particular cluster. Lower species richness values are associated to both extremes of the first DCA axis, corresponding to the Nardus stricta swards in the negative extreme, and the most xerophytic grasslands in the positive extreme. On the contrary, the number of Iberian endemics increases towards the positive part of the first DCA axis where calcareous dry grasslands are positioned (cluster 8). The cumulative number of Iberian endemics for this vegetation type is equal to 19 in total (see list of Iberian endemics in Appendix 1).
DISCUSSION
Topography and lithology are the main factors influencing the vegetation diversity of grasslands in the study area. Rock cover and slope are associated to a gradient of water availability that determine the major floristic differences: the wet and mesic meadows (Molinio-Arrhenatheretea and Nardetea) are positioned in flat terrains at the valley bottoms with null rock cover, while the dry grasslands (Festuco-Ononidetea and Festucetea indigestae) show the higher values for both variables. Floristic differences linked to lithological variability (calcareous vs. siliceous substrates) were larger in dry grasslands than in mesic grasslands. Siliceous thyme-grasslands of the Fumano-Thymetum izcoi appear well differentiated against calcareous dry grasslands by a large pool of diagnostic species from Festucetea indigestae and Tuberarie- M. Pilar Rodríguez Rojo & al. Patterns of community and species diversity in grassland vegetation
228
LAZAROA 34: 219-236. 2013 talia. The lithological gradient is narrower in the mesic grasslands, opposing the associations PhleoCynosuretum cristati (cluster 1), from more or less decalcified soils, to Sanguisorbo-Deschampsietum hispanicae (cluster 4) from base-rich soils. However, more analysis would be needed involving other environmental variables, such as soil properties or grazing intensity, for the interpretation of the community diversity of mesic meadows. Differences in altitude appeared among communities belonging to the same major vegetation types. For instance, although the two types of semi-dry grasslands (Festuco-Brometea) were characterized by few diagnostic species and their clusters were linked at the lowest dissimilarity level in the dendrogram, they showed altitudinal differences: Cirsio-Onobrychidetum hispanicae occurs at higher altitudes, in the upper suprasubmediterranean belt (altitudes: 1300-1600 m) whereas Festuco-Brachypodietum phoenicoidis at lower altitudes (altitudes: 1100-1500 m). However, only a community analysis of the Festuco-Brometea grasslands in all the southern Iberian System with more phytosociological data would bring out a right ecological interpretation of the environmental patterns in this grassland type. It is also interesting the relation between siliceous thyme-grasslands and altitude in the DCA diagram, although altitude is not significantly higher compared with the rest of the grassland groups. These thyme-grasslands have a wide altitudinal range, reaching the highest belts of the mountains crowned by Paleozoic quartzites (Sierra de Albarracín, Sierra Menara and Sierra de Valdemeca), above 1800 m.
The classification results were explained according to the flexible beta method selected, but the performance of the three applied clustering methods allowed us to compare differences in the linkage of some intermediate vegetation types, as it is the case of the semi-dry grasslands (group B) with moisture requirements intermediate between mesic and dry grasslands. Moreover, in combination with the ordination analysis, it is possible to reinterpret the similarity level between clusters separated in the dendrogram. For instance, cluster 5 was linked in the ward dendrogram to the cluster node of the typical dry calcareous grasslands (Sideritido-Arenarion). But in the divisive TwINSPAN method, cluster 5 showed more affinity with the typical semidry grasslands (Cirsio-Onobrychidetum), and even their respective centroids were much closer in the DCA scatter plot where the two groups do not appear well separated. Cluster 5 has been treated here as a transitional community between Cirsio-Onobrychidetum and Festucetum hystricis and its syntaxonomical position cannot be clarified only upon the cluster dendrogram, but also upon the diagnostic species analysis and the information of the topographic variables. Onobrychis argentea subsp. hispanica, Ononis cristata, Leucanthemum pallens, Medicago sativa and Cirsium acaule may lead to interpret this type of vegetation as belonging to the CirsioOnobrychidetum hispanicae, but Festuca hystrix and Thymus bracteatus are also diagnostic and are even more abundant (cover values from 20 to 40%). On the other hand, the ANOVA test for the rock cover and slope variables showed that cluster 5 does not differ from cluster 8 (Festucetum hystricis) while it does from cluster 6 (Cirsio-Onobrychidetum). RIVAS-GODAy & BORJA (1961) described in Sierra de Gúdar (eastern Iberian System), a submediterranean subassociation for Cirsio-Onobrychidetum characterized by Koeleria vallesiana, Carthamus carduncellus and Linum salsoloides, that would be the most frequent subassociation in our study territory. Cirsio-Onobrychidetum is limited to shady places in closed valleys, at the bottoms or hillsides, usually under the canopy of Pinus sylvestris forests (LóPEz GONzáLEz, 1978) , where the warm temperatures of summer are attenuated. In open exposed situations, in deforested valleys and steep sites, the grasslands become more xerophytic, and if the grazing intensity is high, as it usually occurs in the surroundings of rural villages, xericity is more stressed as a consequence of the effect of the erosion of the superficial soil with the bedrock coming to the surface. Only dry grasslands may colonize these exposed and topographic sites that are related to the Festucetum hystricis. However, in clay and loamy soils, a variant in transition to semidry grasslands may occur with the presence of Jasonia tuberosa, Plantago maritima subsp. serpentina, Cirsium acaule, Helictochloa pratensis subsp. iberica and Galium estebanii var. leioclados, and cluster 5 represents this vegetation type (Table 2 ). The presence of Jasonia tuberosa Table 2 Festucetum hystricis semi-dry var. with Plantago maritima subsp. serpentine (TORRES & al., 2000) . On the other hand, although Jasonia tuberosa is not present in our samples from the Sanguisorbo-Deschampsietum grasslands, LóPEz-GONzáLEz (1978) did include it in his table of the association. The ecological factor that is associated to this floristical similarity is explained by some edaphic and lithological affinities: compact and base-rich, clayed soils.
The number of species recorded in the mountain grasslands of the southwestern Iberian System is analogous to that referred in previous studies in the western European mountains (KOPEć & al., 2010) . The DCA diagram showed that an increase in species richness is not skewed towards any of the vegetation types. According to our results, the grassland communities recorded do not differ significantly in species richness at the spatial grain of 100 m 2 . At first, it was expected that it was higher in the temperate semi-dry calcareous grasslands (Cirsio-Onobrychidetum hispanicae), reported as one of the plant communities with the world record for plant species richness (wILSON & al., 2012) , but the submediterranean context of the Iberian System is far from the optimum of these temperate grasslands in central Europe. If species richness in grasslands from more hydromorphic soils is reduced by competitive exclusion of the high abundances of few species, and is also reduced in more xerophytic grasslands by hydric stress, then mesic or semi-dry grasslands would contain more species richness. This tendency may be interpreted in the species richness plot based on the fitted additive model (Fig.  6) . On the other hand, the negative effect of soil acidification on plant species richness observed by previous authors (PäRTEL, 2002; PIqUERAy & al., 2007; KOPEć & al., 2010) is not evident in the southern Oroiberian grasslands, maybe as a consequence of the Mediterranean character of the siliceous thyme-grasslands that are locally rich in annual species.
As a conclusion, the evaluation of the floristic value of the semi-natural grasslands in the southwestern Iberian System should take into account other criteria such as the endangered status, the level of rarity and the endemicity of the species composition. According to the latter, the Sideritido fontquerianae-Arenarion microphyllae grasslands, included in the Annex I of Habitats Directive, represent one of the most valuable vegetation types of this area.
